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ELECTRIC SIGNALING SYSTEM 
ROSS SHAFT, HOMESTAS KINING co.L/ 
By John F. Wiggert2/ 
HISTORY 


The first signal system used in the Homestake mine between the cage~ 
men and hoisting engineers was a mechanical onee It consisted of small cables 
or jointed steel rods hung in the cage compartments and counterbalanced with 
weights or springs. These cables or rod strings were connected to the mechan- 
ically operated gongs at the engineers! positions by means of bell cranks and 
stecl wires. At the various stations the bell lines were also fitted with 
cell cranks and connected levers, so that the cagemen could operate the bells 


from the stations when they were handling rock or other material and not rid~ 
ing on the cag-ese 


; Such a system was inherited from the days before extensive electrical 
developments It served quite well for shallow shafts, but for depths of a 
thousand feet or more it was very slow and cumbersome. It required consider~ 
adle mscular effort to operate it quickly, because of the inertis of its 

great weight and also because of frictional resistance. The maintenance cost 
ras quite high because of the many wearing partse 


4 The first electric signal installation for shaft work at the Home- 
as ie made in 1916. It replaced a mechanical system and was quite simple. 
eee sted of a single pair of wires in galvanized-steel conduit in each 
rea ties At each station the conduit and wires were connected 
wenn Switchese The switches were operated by means of small, gal- 
witht ite wire cables which extended from station to station. In series 
tiene < Cs were short sections of chain. The chain was used at the sta- 

0 maxe it easier to pull the bell lines; it was used at the bottom ends 
cf the cables 


to hold them straighte The bells were single~stroke and operated 
on 110vo1t alternating currente : 


L The Bureau 
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This system was a great improvement over the mechanical ones and 
the maintenance cost was much less because tnere were very few moving partse 
It was fast and easy to operate, but it had a serious drawback, which applied 
to the mechanical system also, in that the engineer had no clue as to where 
a signal originatede An accident could happen if the engineer moved the cage 
or skip on a signal made by someone other than the cagemane 


The shaft in which this system was installed has since been aban= 
donede 


In 1921 an improved electrical signaling system was installed in 
another shaft of the Homestake to replace a mechanical onee This system has 
an annunciator incorporated with the bell for each cage or skip compartmente 
The annunciator is on the engineer's platform and has a number for each pull~ 
svitch station, so that the ensineer has a visible and positive indication 
of where a signal originatese This indication greatly minimizes the possibil-— 
ity of a false signal causing an accident or other troublee 


In this annunciator system the shaft wires are mostly in the form 
of submarine cables, consisting of rubver—covered wires protected by galvan- 
ized-stcel wire armore The cables terminate in junction boxes, from which 
wire extensions run to tho switches in galvanizedesteel conduite 


After 1921 several secondary shafts were constructed which were 
equipped with annunciator-type signaling systemse In these shafts the signal 
wires are in galvanized=steel conduite 


All of the annunciators are so equipped that the engineer can auto- 
matically reset the numbers of the stations signalinge He does this by mow 
ing a device attached to the hoist control lever, which operates the reset 
switche 


Of course, it is much more expensive to install an indicating type 
of signaling system than one without annunciators, because it requires an 
individual wire (a ground or common wire return assumed) for each switch sta- 
tione 


Ross Shaft Signaling System 


General Descriptione- This signaling system probably ranks among 
the best in the world for deep shafts. It is the latest development of many 
years of shaft~signaling experience in the Homestake mine and was installed 
at the timo the shaft was constructed. The shaft began operating late in 


1934. 


This system is the samo in principle as the earlier annunciator tyre 
instrlled by the company, but it includes a number of improvementse 


The ore hoist has a separate and distinct system of cable, conduit, 
and wiring for each of the two skip compartmentse The reason for this 
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Figure 1.—Electric signalling system, one-compartment Ross.ore hoist. 
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separation is to make absolutely impossible an accidental contact between 

ayy of the wires of one compartment and any of those of the other. Obviously, 
it necessitates a more costly installation than would be required were all 
vires for one shaft in a single cable sistem, but it greatly increases the 
safety of operations 


The skips are removed and cages used with the ore hoist during the 
tine each day that the hoist is not used for hoisting oree 


Hach pull switch of a compartment of the ore hoist has a position 
onthe annunciator for that compartmente 


The man-hoist has only one signal wiring system because it has only 
one cage and a counterweighte Hach cage pull switch of this hoist has a 
position on the cage annunciatore All the counterweight pull switches are 
comected to one position on the annunciator for the counterweighte A single 
system of wiring is considered safe for the man-hoist because the counter+ 
wight is ridden only for inspection and on slow bells, and at such times no 


one is on the cagee : 


Figure 1 is the diagram for wiring the signal system for one come 
partrent of the ore hoiste 


The annunciator is part of the skin or cage-position indicatore 
the miniature receptacles for holding the indicating lamps are placed radially 
outside the station numbers or names and correspond to the respective stations 
or pull switches. This arrangement is convenient, as the engineer can see 
doth the position of the cage or skip and the origin of a signal without mov~ 
irg his eyese It is also much cheaper than having the annunciator a separate 
piece of apparatuse 


The lenses for the lamps are usually opal, but sometimes other 
colors are used for special stationse 


The wiring diagram shows connections for only four of the many sta. 
tions of the compartment to make it easier to followe 


The shaft part of the system is operated with a ground return. A 
Teturn circuit wire is provided in the cables and conduits, so that if the 
éTound return causes too much inductance at great depth the entire circuit 
can be made metallic and carried in the same sheaths: but so far that has not 
been necessary, although the shaft is being operated down to the 3,800-foot 
level. The ultimate depth is to be 5,200 feete The return wire is indicated 
“y the broken line in the diagrame 


. Qperatione~ When a pull switch is operated, a circuit is closed from 


tae rround through a wire, through one winding of a relay, then through one 
of tuo wires to the bell and lamp, and finally through the secondary of the 


transformer to the grounde 


5979 ae 


Go gle 


I» Ce 6979 


The first impulse caused by a switch will close the relay connected 
with it. When a relay closes, it locks itself in that position through a 
contact and second coil on ite When a relay closes, it lights the indicator 
lamp connected with it through a second contact on the relay. 


The object of having the relay loc itself in the closed position 
is to keep its lamp lighted until the engineer chooses to extinguish ite He 
can easily do so by operating a device attached to the hoist control levere 
When this device is operated it closes a contact that operates a relay, which, 
in turn, opens the relay holdins circuit and the relay contacts. 


The bell sides of the relay coils in series with the pull switches 
are connected alternately to one of two wires that at present are connected 
as a single wire to the belle The object of the twoewire connection is that 
if electrostatic capacity or leakage of many long wires causes sufficient 
current to flow to interfere with the bell its coil can be wound with two 
windings differentially connected to eliminate such interferencee So far, 
however, no trouble has boen caused, although the system is working down to 
73 percent of the ultimate depth. 


Signal Ropese The wiring diagram (figs 1) shows two pull ropes 
attached to each switche One of the ropes is very short and the other long 
enough to reach down to the next switche 


The long rope consists of small, gelvanizod-steel cable with a chain 
insert at the’ switch and chain at the lower ende This rope is used for inter- 
station and shaft-inspection work onlye It is attached to the switch, so that 
it does not move when the short rope is pulled. The maintenance of these 
ropes is a small item of expense, because they are used very infrequentlye A 
few of them have been torn out by boing caught by a cage or skipe 


The short ropes are only long enough to be reached easily by the 
cageman when the cage is at the station. They are of manila rope and attached 
to the switches with harness snapse These ropes are short and light and very 
easily manipulated; the cagemen transmit their signals with them with almost 
the speed of Morse telegrapherse 


Pull Switchese~ The switches are housed in strong cast-iron boxes, 
and the switch mechanisms are ruggedly builte The insulating parts are of 
bakelite and provide long creeping distances so that moisture, within reason, 
does not cause appreciable leakages The switch mechanisms are held in posi~ 
tion in the boxes with only one bolt, so that they can be replaced easilye 


Summarye~ All of the electrical shaft~-signaling installations used 
by the company are very satisfactory, and the maintenance cost is moderate. 


Rubber~covered wire in stcel conduit does not last as long as rubber- 
covered wire in the form of submarine cable. Some of the wire in conduits 
has been replaced with new wire, but none of the cable has developed any faults. 
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Box casting no. E-158 
Cover casting no. E-159 


Figure 3.— Assembly Ross shaft signal switch. 


Ss-inch brass cotter pin 


3g-inch 13-thread machine bolts, 1 inch long 
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Figure 4.— Switch mechanism. 
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Figure 5.— Front elevation of shaft signal junction boxes for 2,000-3,200 
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The cable wires have no braid over the rubber. They are cabled together, 
then covered with weatherproof braid, and over the braid is a galvanized~steel 


wire armore 


Practically all of the apparatus, such as switches, switch boxes, 
junction boxes, annunciators, and bells, was designed and built by the com 
panye For the Rossshaft installation the relays and bells were purchased 
from a manufacturere 


Anything used in a mine shaft needs to be of rugged construction. 
to stand rough use, and this was taken into consideration when the apparatus 
was designed. Figure 2,A, shows the pull switch box closed and figure 2,B, 
shows it with the cover removed. Figure 3 shows the assembly of the Ross 
shaft signal switche Figure 4 shows the switch mechanism and figure 5 a 
front elevation of shaft signal junction boxes for the 2,000-, 3,200-, and 


4 UO0-foot levels. 


All of the signaling avparatus in the shaft is arranged so that it 
will be protected from falling objects as much as possiblee For instance, 
the pull switches are always close under the divider timbers or beamse 


Call~Horn System in the Ross Shaft 


This system is used for signaling the cagemene It can be operated 
by anyone at ary station by means of a pull switch located in a convenient 
place at the statione 


In the early deys of the Homestake, before the mine was very deep, 
tne cagemen were called by rapping on the air pipe at the shaft with a hammer 
or short bar of irone As the mine became deeper, this method had to be 
abandonede 


Wristles operated by compressed air were then used for a long time. 
They were spaced in the shaft at suitable distances, and were operated by a 
steel cable similar to those used to signal the engineerse .The cable was 
fitted with bell cranks and connected levers so that the whistles could be 


operated at the stationse 


This system became cumbersome and costly to maintain as the mine 
became still deeper, so it was replaced by electric hornse 


The electrice-horn system has been used in all of the shafts of the 
Homestake for many years and is very satisfactorye 


The following description pertains particularly to the system in 
the Ross shaft, although those in the other shafts are similar eroeee that 
they are not desiensd for as great a dopthe 


The horns are placed in the shaft at intervals of 100 feet from the 
surface down to and including the 1,100-foot levele Below that they are 
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located at cvery level, and those levels are 150 fect apart. The horns are 
so situated that they are protected from objects falling in the shaft. Horns 
are so placed at stations that thcy can be reached without entering the sheft 
if repair or inspection is necessarye 


The horn cases are made of cast iron and are so constructed that 
they serve also as junction boxes for the conduit and wiring systeme They 
have knobs in them for holding the vertical wirese 


The pull switches are located out on the stations in readily aw 
cessible placese They are the same kind of switches as those used for shaft 
signaling. 


The wiring system consists entirely of rubber—covered wires in gal- 
vanized-steel conduite 


All of the apparatus, including the horn mechanisms, was designed 
and made by the companys In its design careful consideration was given to 
details that are essential to the successful operation of apparatus used for 
such severe servicee It was intended to make all joints watertight, but with 
so many joints it is practically impossible to prevent some water from enter 
ing, so the horn boxes are provided with drain holese 


All of the horn boxes are equipped with small heaters to keep the 
air in them slightly warmer than the surrounding aire The air in the mine is 
so humid that the delicate coils for the horns would soon be damaged by mois~ 
ture if the air surrounding them were not kept quite dry. Each heater com 
sumes only 6 watts (0.055 ampere), at 110 voltse 


Figure 6 is a connection diagram for the horn system. At present 
it receives its power at the top end, but it is expected that when the shaft 
reaches its ultimate depth of 5,200 feet it may be necessary to supply the 
power to the system at its midpoint to prevent excessive voltage drope Horns 
are now operating down to the 3,800-foot level, and the service is quite 
satisfactory. 


The fourth wire, shown dotted in the diagram, was installed as a 
precautionary measure, so that if the mumber of horns became too great to 
operate on one circuit they could be operated on several circuits by means 
of relays operated by this fourth wiree Experience seems to indicate that 
the fourth wire will not be required for the shaft depth contemplated. 


The conductors used were the smallest that careful calculations 
indicated as practicable for the services The idea, of course, was to keep 
the installation cost as low as was consistent. with good operatione It was 
impossible to calculate the inductance of such circuits exactly, so the fourth 
wire, which is small, was installed as a way out if the impedance encountered 
in practice with large current became too greate 
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No. 12,R. C. wire 
Horn coils (0.12 ampere at 110 volts) \ 


6-watt heater to keep box dry 
(0.055 ampere at 110 volts) 
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Figure 6.—Call-horn system for the Ross shaft. 
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The actual experience with the shaft operating down to 73 percent 
of its ultimate depth of 5,200 feet indicates that the fourth wire will not 
be necessarye It is possible to increase the capacity of the system greatly 
by feeding the power to it at about its midpoint, as mentioned. 


The maintenance expense of the horn system is very low, the prin- 
cipal cost being on the replacement of horn diaphragmse They fail or break, 
due to crystallization caused by vibrations When a horn unit fails to funo~ 
tion it is replaced by a repaired or new unit and is taken to the shop for 
repairse The change is accomplished easily because the mechanism is attached 
to the cover and it is only necessary to remove a few bolts and disconnect 
three flexible wires from Fahnestock binding posts. 


The third wire is a ground connection to the cover so that the work~ 
nan will not receive a shock from handling the cover and attached mechanism 
while changing units if one is grounded to a live parte 


Figure 7,4, shows the call horn and figure 7,B, an inside view of 
the horn boxe. Figure 8,4, is an end view of the horn box, and figure 8,B, 
shows the horn mechanisme 
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